Background. Intraoperative blood loss has been shown to be an important factor correlating with morbidity and mortality in liver surgery. In spite of the technological advances in hepatic parenchymal transection devices, bleeding remains the single most important complication of liver surgery. The role of radiofrequency (RF) in liver surgery has been expanded from tumour ablation to major hepatic resections in the last decade. Habib TM 4X, a new bipolar RF device designed specifically for liver resection is described here. Methods. Habib TM 4X is a bipolar, handheld, disposable RF device and consists of two pairs of opposing electrodes which is introduced perpendicularly into the liver, along the intended transection line. It produces controlled RF energy between the electrodes and the heat produced seals even major biliary and blood vessels and enables resection of the liver parenchyma with a scalpel without blood loss or biliary leak. Results. Three hundred and eleven patients underwent 384 liver resections from January 2002 to October 2007 with this device. There were 109 major resections and none of the patients had vascular inflow occlusion (Pringle's manoeuvre). Mean intraoperative blood loss was 305 ml (range 0Á4300) ml, with less than 5% (n 018) rate of transfusion. Conclusion. Habib TM 4X is an additional device for hepatobiliary surgeons to perform liver resections with minimal blood loss and low morbidity and mortality rates.
Introduction
Liver resection has been increasingly performed over the last two decades because of improved postoperative outcomes and evidence that this approach offers the only chance of cure in many patients [1Á3] . Bleeding remains a significant complication of liver resection with 20Á60% of patients requiring blood transfusion [4, 5] . Technical innovations have mainly focused on minimising bleeding during transection of the hepatic parenchyma [4, 6] because excessive haemorrhage and blood transfusion have been shown to affect postoperative morbidity, mortality and longterm survival [7Á10] .
With improvement in surgical and anaesthetic techniques liver resection can now be performed in most centers with minimal blood loss [11Á16] . However, these techniques often require intraoperative manoeuvres like hypotensive anaesthetics, hepatic pedicle clamping, and total vascular exclusion [11, 17, 18] to minimise the risk of intraoperative bleeding. None of these methods is completely effective, and each adds a potential risk of causing liver dysfunction in patients with chronic liver disease [19] .
In recent years, new surgical tools such as Cavitron ultrasonic aspirator (CUSA), harmonic scalpel, bipolar scissors, Ligasure diathermy or Monoplolar floating ball, have been developed to reduce blood loss during transection of liver parenchyma without vascular clamping [14Á16] . The primary problem relating to these methods is that small vessels can be coagulated during transection, while large vessels are usually left intact or injured, which can result in considerable blood loss during the operation and requires tedious clipping and tying to achieve haemostasis.
In the last decade, the advent of new energy sources, such as radiofrequency (RF), has had an increasing impact on surgical practice, notably in the field of liver tumours. RF was used initially for the local destruction of unresectable liver and other solid organ tumours, applied percutaneously, laparoscopically, or by the open surgical approach. In the recent years, the role of RF in liver surgery has been expanded to routine hepatic resection by using the RF probe to develop a plane of coagulative necrosis along the intended line of parenchymal transection [20Á23] . These resections were done using monopolar RF devices primarily designed for tumour ablation, which released uncontrolled amount of energy and produced excessive amount of dead tissue with potential risk of septic complications. To maximise the potential benefits of RF assisted resection a new bipolar RF device (Habib TM 4X, Generator 1500X, RITA Medical Systems, Inc. California, USA) has been developed in our unit and is designed specifically for liver resection. This bipolar RF device releases controlled RF energy between two pairs of electrodes producing a plane of coagulative necrosis along the intended line of parenchymal transection. Here we have described the technical aspect of Habib TM 4X and operative technique for liver resection using this device.
Device description
Habib TM 4X is a bipolar, handheld, disposable RF device and consists of two pairs of opposing electrodes with an active end of 6 or 10 cm in length (Figure 1 ). The device is connected to a 500-kHz generator (Model 1500X Rita Medical Systems, Inc. California, USA) which produces up to 250 W of RF power. It allows measurement of the generator output, tissue impedance, temperature and time. The system also consists of a pneumatic foot pedal used to turn the RF energy on and off. The generator can be run in manual or automatic mode. On connecting the device and switching on the generator, the RF power setting defaults to 125W and this can be modified according to user experience and the thermal requirement of the individual tissue types.
Operative technique
After laparotomy, a careful search was performed for local recurrence, extra hepatic and peritoneal disease. Any suspicious lesions were examined with biopsy. Intraoperative bimanual liver palpation and ultrasonography were performed to confirm tumour location and size in all patients. Extensive liver mobilisation was avoided, and only the side to be resected was mobilised in most of the cases. Cholecystectomy was not performed except in cases where the transection line was going through the gall bladder bed. Hilar dissection was not a routine practice, and vascular clamping was not done in any of our cases. Hilar dissection was done only when the tumour was located in close proximity (1 cm or less) to the hepatic hilum. In these cases, separation of the tumour from the hilar structures was achieved by dissection and ligation of the ipsilateral arterial and portal vessels prior to application of the probe to avoid injury to the contralateral hilar structures. Dissection of the hepatic veins was not done routinely unless the tumour was located in close proximity to it, and in such cases dissection and ligation of the hepatic vein was completed before application of the probe to avoid injury to inferior venacava (IVC).
After the tumour was localised the resection line was marked on the liver surface, 1 cm away from the edge of the tumour with an argon diathermy. The marking of the transection line prior to resection is very important, as after RF application the hepatic parenchyma undergoes coagulative necrosis and hardens, which makes palpation of the tumour edge uncertain as well as interferes with intraoperative ultrasound (IOUS) imaging. The Habib TM 4X is then introduced perpendicularly into the liver, abutting the transection line. The generator is programmed to produce an alert signal when energy delivery has been automatically stopped, to avoid over coagulation. This allows a small, less than 10 mm, margin of coagulated liver parenchyma to remain behind ensuring sealed vessels and bile ducts. The process takes less than a minute for each application in the normal liver tissue. The probe is introduced again adjacent to the last coagulated area, in a serial fashion, until the area to be transected is ablated. The number of applications required to create a zone of desiccation is related to the dimensions of the cut surface. Preferably, a second line of ablation parallel to the first line is done to ensure complete tissue coagulation and perfect haemostasis prior to transection (Figure 2) .
The surgeon can either apply energy to the whole resection margin and then cut, or apply energy to a partial section and then cut that section, before applying energy to the next section. To coagulate the deep parts of the liver close to the IVC, the probe is introduced parallel to the IVC, and is directed away from it. In tumours located near the liver hilum, after dissection and ligation of the hilar structures the probe is applied parallel to these structures and directed away from hilum. The power of the generator is set at 100 watts for hepatic parenchymal coagulation. For sealing bigger vessels such as hepatic veins, the power is lowered to 80 or even 50 watts. Decreasing power setting achieves a wider coagulation effect in a paradoxical manner. Next, a scalpel is applied perpendicularly to divide the parenchyma near to the first coagulated edge next to the tumour, leaving B10 mm of the coagulated liver parenchyma. During transection, applying a mild compression to the liver parenchyma allows the generated heat to seal the vessels which contributes to a bloodless operative field. For deep tumours, the probe is introduced deep in to the liver parenchyma guided by the surgeon's hand from below. After coagulation of the deep part, the probe is withdrawn in a controlled manner to allow subsequent coagulation of the more superficial parts. The four needles of the probe must be kept parallel to each other by positioning the pushing plate between them to prevent them from converging inside the liver parenchyma and touching each other which can lead to short circuit. 
Results
All the liver resections in our institution, ranging from single tumorectomy to major hepatectomies are currently performed using the Habib Table I . There were 109 major resections, which included 84 right hepatectomies, six extended right hepatectomies and 19 left hepatectomies. None of the patients had vascular inflow occlusion (Pringle's manoeuvre). Mean intraoperative blood loss was 305 ml (range 0Á4300 ml), with less than 5% (n 018) rate of transfusion. The mean duration of operation was 246 min (range 75Á780 min). 16 (4%) patients were admitted to the intensive care unit (ITU) postoperatively. The overall postoperative complication was 21% (n 081). Of these 42 (10%) patients developed intra-abdominal collections, while there were only six (1.6%) biliary leaks. The 30 day mortality was 3.4% (n 013), with no intraoperative deaths during this period. The overall mean postoperative stay was 11.8 days (range 2Á65 days).
Discussion
Liver resection can be performed with practically no blood loss with this new bipolar RF device without hepatic pedicle clamping, total vascular exclusion or the use of hypotensive anaesthetics. Intraoperative haemorrhage and blood transfusion significantly influence the morbidity and mortality associated with liver surgery [8, 11] . The transfusion rate of less than 5% in our series is lower than most other hepatic parenchymal transection techniques published in the literature [8,9,11,12,15,16,24Á26] .
Habib TM 4X has allowed us to perform more minor or non-anatomical resections without hepatic pedicle clamping and with minimal blood loss reducing the need for major hepatectomies. Non-anatomical resections have the advantage of sparing liver parenchyma, however they are technically more demanding than a classical lobar resection [9] .
Avoidance of hepatic pedicle clamping can prevent ischemiaÁreperfusion injury to the liver, which is known to predispose to postoperative liver failure [7,27Á30] . All our resections were performed without applying Pringle's manoeuvre and therefore the rate of postoperative liver failure in our series was low.
RF energy produces frictional heat caused by intracellular ionic agitation, which leads to coagulative necrosis due to water vaporisation. This bipolar RF device produces a controlled energy flow between the electrodes avoiding over coagulation of liver parenchyma unlike the monopolar devices. The heat produced seals even major biliary and blood vessels and enables resection of the liver parenchyma with a scalpel without blood loss or biliary leak. The amount of energy delivered can be adjusted and is based on the demand for hemostasis. Lower power increases the amount of the coagulated tissue and allows more effective hemostasis as the area of coagulation is broader, whereas high power speeds up the coagulation process due to the narrower coagulation zone. To avoid leaving too much coagulation tissue behind, B1 cm of is left at the resection margin, which is sufficient to achieve vascular and biliary occlusion for hemostasis and biliary control. It is important to mark the resection line with diathermy prior to application of Habib TM 4X as RF produces hardness of liver tissue making the tumour margin difficult to palpate and also increases the echogenicity of IOUS images making it difficult to visualise the tumour edge.
In our experience, no patient had postoperative haemorrhage and the rate of biliary leak was also low at 1.6%, which indicates that biliary control as well as blood vessel occlusion was effective with this device. Apart from achieving a low rate of resection specific complications, the rate of overall postoperative complication in this series was only 21% and is consistent with or better than most reported large series ranging from 16 to 45% [8,9,11,16,24Á26] .
Although this bipolar RF device distributes the RF energy only between the electrodes, its application close to the hilum and the inferior vena cava requires experience, and familiarity with the device. It is essential to dissect the hepatic hilum and the hepatic veins before applying this device close to these structures. This necessitates a detailed knowledge of liver anatomy and good surgical skills while using this device. Major hepatectomies and minor or nonanatomical resections can be performed with this device without the need for ITU admissions, with minimal blood loss and with reduced hospital stay and overall cost of liver surgery. Habib TM 4X is an additional device for hepatobiliary surgeons to perform liver resections with minimal blood loss and low morbidity and mortality rates. 
